ABSTRACT -In order to evaluate the formation of adventitious buds and in vitro regeneration of sour orange plants (Citrus aurantium L.) two organogenesis-inducing experiments were conducted. In the fi rst experiment, the induction and in vitro regeneration of adventitious buds were tested on epicotyl and internodal segments under the infl uence of BAP or KIN associated with NAA. The second experiment evaluated the in vitro regeneration of sour orange plants related to different explant types (epicotyls segments, internodal segments of in vitro germinated plantlets and internodal segments of greenhouse cultivated plants). Data collected on both experiments included the percentage of responsive explants (explants that formed buds), and the number of buds per explant. The addition of BAP showed the best organogenic response. In vitro germinated epicotyl segments and internodal segments are recommended as explants for sour orange in vitro organogenesis. Rooting of regenerated shoots was achieved without the need of auxin in the medium.
INTRODUCTION
In vitro plant regeneration can occur through organogenesis or somatic embryogenesis. Organogenesis can be defi ned as the process in which cells and tissues are induced to undergo changes leading to the formation of a unipolar structure. Organogenic events usually occur by cellular differentiation. Regaining of meristematic activity by the plant tissue characterizes two forms of organogenesis: direct and indirect. Organogenesis is characterized by the formation of adventitious buds. It is considered direct when bud regeneration occurs without callus, and defi ned as indirect when the regeneration process is preceded by callus formation, which develops into adventitious buds that grow into new organs (Phillips, 2004) .
Sour orange (Citrus aurantium L.) has desirable characteristics when used as a rootstock (Castle et al., 1993) , especially for sweet orange scion cultivars. However, its use has been severely limited due to its intolerance to the Citrus tristeza virus (CTV), which has caused one of the most important diseases of the citrus industry, leading to the destruction of millions of plants (Bar-Joseph & Lee, 1989) . mum temperature of 37 ºC, minimum of 18 ºC and air humidity of 60%). These plants were constantly pruned, preserving the central branch, enabling the formation of new lateral shoots that were harvested for explant collection every 2 to 3 weeks. The disinfection of the internodal segments was conducted in 2:1 solution of water and sodium hypochlorite (2.5% active chlorine) for 20 minutes. After disinfection, the internodal segments were washed three times in sterile distilled water under aseptic conditions. The segment length varied between 0.8-1.0 cm.
Both explants (epicotyls and internodal segments) were placed on Petri dishes containing 20 mL of MT culture medium supplemented with BAP (1.0 mg dm ). The experimental design was totally randomized in a factorial format of 2 x 2 (explant type x cytokinin type), with 5 replicates, each one consisting of a Petri dish with 20 explants. Incubation was conducted at 27 ºC in the dark for 30 d, followed by 30 d at 16-h photoperiod. After this period, the percentage of responsive explants as well as number of buds and/or shoots per responsive explant was evaluated.
In vitro induction and regeneration of adventitious buds and in vitro plant regeneration from different sour orange explants
This experiment evaluated different explant types of sour orange for adventitious bud induction. Root formation (percentage of rooted shoots) on different media composition was also recorded.
Different explant sources were used in this experiment: 1) Elongated epicotyl region of in vitro germinated plantlets (Epi E); 2) Short epicotyl of in vitro germinated plants (Epi S), short, due to germination in 16-h photoperiod; 3) Internodal segments of in vitro germinated plantlets, excluding the epicotyl region (IS in vitro); and 4) Internodal segments of juvenile plants cultivated in the greenhouse (IS gh). Epi E and IS gh explants were obtained as previously described in the fi rst experiment. To obtain IS in vitro and Epi S explants, sour orange seeds were germinated under 16-h photoperiod. After 45 to 60 d, these plants were used as explant source. The explants were 0.8-1.0 cm in length.
For the induction and development of the adventitious buds, the explants were cultivated in MT medium supplemented with 1.0 mg dm -3 BAP. Incubation was conducted at 27 ºC in the dark for 30 d, followed by 30 d of 16-h photoperiod. After this period, the percentage of responsive explants as well as number of buds and/or shoots per responsive explant was evaluated. The experimental design was Therefore, the development of CTV tolerant sour orange plants is desirable for citrus industry worldwide. One of the most likely successful approaches to produce this new cultivar is genetic transformation. On the other hand, the development of tissue culture protocols is important for developing transgenic sour orange plants tolerant to CTV. In vitro organogenesis has been obtained in several citrus cultivars by the cultivation of epicotyl and internodal segments in BAP supplemented culture medium (Ghorbel et al., 1998; Moura et al., 2001; Silva et al., 2005a Silva et al., , 2005b Schinor et al., 2006) or with BAP and NAA supplementation (Pérez-Molphe-Balch & Ochoa- Alejo, 1997 Moreira-Dias et al., 2000 Schinor, 2006) . However, very little and inconsistent studies have been carried out specifi cally for sour orange.
This work objective was to evaluate the formation of adventitious buds and in vitro regeneration of sour orange plants through organogenesis.
MATERIAL AND METHODS
In vitro induction and regeneration of adventitious buds in sour orange epicotyl and internodal segments using two cytokine types (6-benzilaminopurine or kinetin) associated with naphthalene acetic acid.
Epicotyl segments used in this experiment were obtained from seeds extracted from mature sour orange (Citrus aurantium L.) fruits from plants at the Germplasm Bank of the "Centro APTA Citros Sylvio Moreira", Cordeirópolis, Brazil. The seeds were washed and dried at room temperature for 24 hours. The integument was removed and the seeds were disinfected in 3:1 solution of water and sodium hypochlorite (2.5% active chlorine) for 20 minutes under agitation. After disinfection, the seeds were washed three times in sterile distilled water under aseptic conditions. The seeds were then incubated in test tubes (150 x 25 mm) containing 15 mL of MT (Murashige & Tucker, 1969 ) culture medium supplemented with 2 g dm -3 Phytagel TM and 25 g dm -3 sucrose, and pH adjusted to 5.8. Incubation was held at 27 ºC in the dark for 30 d in order to obtain elongated epicotyls. The plants were transferred to 16-h photoperiod for 10 to 15 d, and then used as explant source. The explants consisted of epicotyl segments of 0.8-1.0 cm in length.
Internodal segments were obtained from juvenile shoots from two-year old plants, grown from sour orange seeds, cultivated in 35 cm x 20 cm plastic bags containing Rendmax Citrus TM potting mix, over 30 cm high benches, in greenhouse conditions (maxi-epicotyl of in vitro germinated plants (Epi S). The response of these explants (Epi S) was superior to the average of responsive explants from internodal segments of juvenile plants cultivated in the greenhouse (IS gh) ( Table 2 ). Regarding the number of regenerated buds, the best responses were obtained for IS in vitro and Epi S, which induced the formation of 3.1 and 2.5 buds per explant, respectively. The IS gh explant had the lowest organogenic response.
There was a signifi cant interaction between culture medium and explant origin on the percentage of shoots that produced roots, ranging from 48 to 88% (Table 3 ). Shoots originated from explant Epi E had greater percentages of rooting when cultivated in MT medium with half the salt concentration, and no auxin and on MT supplemented with 1.0 mg dm 
DISCUSSION
The results found herein showed that epicotyl segments cultivated on medium supplemented with BAP are adequate to sour orange in vitro organogenesis. Previous research has described that the best organogenic response for sour orange explants was obtained in the presence of BAP in the culture medium (Silva et al., 2008) . On the other hand, epicotyl segments are the recommended explant type for obtaining such a positive response to BAP, as expressed by the percentage of responsive explants. Other research works have shown the importance of BAP supplementation in the culture media, as this cytokinin assures a greater number of adventitious buds in in vitro cultivated citrus explants (MoreiraDias et al., 2001; Almeida et al., 2002; Silva et al., 2005a Silva et al., , 2005b Schinor et al., 2006) .
The addition of growth regulators to culture media supply the endogenous levels of hormones in explants that are separated from the plant hormone production sites. The explant response to growth regulator supplementation depends on the explant physiological state, which is related to when the explant is collected along the year (Altman & Goren, 1977) , and explant donor plant condition (nutritional and health states). It has been observed that BAP highly induces the formation of adventitious shoots, while KIN allows normal shoot growth (Hu & Wang, 1983) .
In vitro organogenesis of Troyer citrange (Citrus sinensis x Poncirus trifoliata) epicotyls cultivated on medium containing 1.0 mg dm -3 BAP and 0.1 mg dm -3 NAA revealed an average of 10.4 buds per explant, 7.2 of which developed into shoots totally randomized in with 8 replicates, each one consisting of a Petri dish with 20 explants.
Regenerated shoots were submitted to rooting. Shoots of approximately 1.0 cm in length were transferred to MT medium with half the salt concentration, supplemented with 500 mg dm -3 activated charcoal, 1.0 mg dm -3 IBA, 1.0 mg dm -3 NAA, or with no auxin. This experiment was conducted with shoots from the Epi E, Epi S, and IS in vitro explants. Incubation was conducted at 27 ºC under 16-h photoperiod. The experimental design was totally randomized in factorial format of 3 x 3 (explant origin x culture medium), with 6 replicates, each one consisting of a Magenta TM container with 5 shoots. After 60 days of cultivation, the percentage of rooted shoots was evaluated.
RESULTS

In vitro induction and regeneration of adventitious buds in sour orange epicotyl and internodal segments using two cytokine types (6-benzilaminopurine or kinetin) associated with naphthalene acetic acid
Adventitious buds were observed in some explants as early as 15 d after cultivation. No interaction could be found between explant type and cytokinin type for the percentage of explants that developed buds and for the number of regenerated buds. The greatest percentage of responsive explants was obtained for epicotyl segments when BAP was used in the culture medium. The effect of the explant type was also signifi cant, as the epicotyl segments showed the greatest average for the percentage of explants that formed buds (Table 1) .
No differences were observed between explant types for the number of buds regenerated per responsive explant. However, the greatest average was registered when BAP was added in the medium (Table 1) .
In vitro induction and regeneration of adventitious buds and in vitro plant regeneration from different sour orange explants
As previously observed in the fi rst experiment, adventitious buds were formed as early as 15 d after cultivation, still under dark conditions. Different sour orange explant types were evaluated for in vitro regeneration response. The organogenic response as well as the conversion of buds into plants was recorded.
The highest percentage of responsive explant averages were obtained for the elongated epicotyl region of in vitro germinated plantlets (Epi E), internodal segments of in vitro germinated plantlets excluding the epicotyl region (IS in vitro), and short et al., 1998). These results observed for sour orange are similar to those found in our work (1.8 and 2.0 buds per explant).
Internodal segments of in vitro germinated plants of Rangpur lime were evaluated for organogenic induction in culture medium with different BAP concentrations. The supplementation of 2.5 mg dm -3 of this growth regulator to the medium generated the greatest number of responsive explants as well as the greatest number of adventitious shoots per explant (Moura et al., 2001) . Considering the same type of explant, our research found 83.8% of responsive explants and 3.1 buds per explant for sour orange cultivated on MT medium supplemented with 1.0 mg dm -3 BAP. Better results were found for Mexican lime (C. aurantifolia Christm. Swing.) and mandarin (C. reticulata Blanco cv. Monica) using 7.5 mg dm The maximum induction of adventitious buds in 'Pineapple' orange (Citrus sinensis) and citron (Citrus medica) explants was obtained on MS medium with 3.0 mg dm -3 BAP, while for lime (Citrus aurantifolia) 1.0 mg dm -3 BAP showed better results in explants obtained from internodal segments of greenhouse cultivated plants (Duran-Vila & Navarro, 1989) .
The use of 2.0 mg dm -3 of BAP led to the best response in terms of the percentage of responsive explants from internodal segments of Rangpur lime and sour orange plants cultivated in the greenhouse. For Rangpur lime, 82% of the segments regenerated 1.9 buds per explant and for sour orange, 49% of the segments regenerated 1.6 buds per explant. It was also observed that in the absence of BAP sour orange explants did not regenerate buds (Schinor, 2006) . When evaluating the combination of BAP and NAA in organogenesis of sour orange internodal segments, the best response was obtained on MT medium with 2.0 mg dm -3 BAP and 0.3 mg dm -3 NAA (52% of responsive explants and 1.6 buds per explant), and on DBA3 medium with 2.0 mg dm -3 BAP and 0.5 mg dm -3 NAA (63% of responsive explants and 2.2 buds per explant) (Schinor, 2006) .
In a genetic transformation experiment with the objective of determining the incubation effi ciency of internodal segments of Citrus aurantifolia Swing., it was observed that the explants cultivated on MS medium containing 1,0 mg dm -3 BAP, maintained in the dark for 15 days and subsequently transferred to light conditions, had the best responses (41.9% of responsive explants) (Peña et al., 1997) . In the present work, all of the explants were incubated for 30 days in the dark, and then placed under 16-h photoperiods (Moreira-Dias et al., 2000) , values higher than those obtained in our work. Pérez-Molphe-Balch & Ochoa-Alejo (1997) cultivated Mexican lime (Citrus aurantifolia) and Monica tangerine (Citrus reticulata) internodal segments on MS medium supplemented with 7.5 mg dm -3 BAP and 1.0 mg dm -3 NAA, leading to 96 and 88 % responsive explants as well as 7.8 and 5.1 buds per explant for these cultivars, respectively. These results differ from the ones shown in our experiments when using internodal segments as explants. It is possible that the different responses observed in that report were due to differences in the plant material and concentrations of BAP.
It is important to point out that internodal segments did also produce adequate adventitious bud in our study. Several other reports have evaluated the response of internodal segments to organogenesis. Schinor et al. (2006) cultivated epicotyl segments on medium with 1.0 mg dm -3 BAP and found an average of 1.39 buds per explant. The greatest percentage of responsive explants for sour orange, Rangpur lime and Volkamer lemon were obtained in the absence of growth regulators. Since BAP supplementation reduced the number of responsive explants, BAP appeared to be unfavorable for sour orange epicotyl segment organogenesis (Schinor, 2006) . The average values obtained differ from the ones found in our experiments were BAP supplementation was favorable to the formation of adventitious buds per explant. In a 'Hamlin' sweet orange genetic transformation study using Agrobacterium tumefaciens, Mendes et al. (2002) considered epicotyl segments from in vitro cultivated plantlets an adequate source of explants. These plantlets were cultivated in the dark for approximately two weeks and then exposed to 16-h photoperiod from 1 to 3 weeks. This cultivation condition was the same as the one used in the present work.
The different responses to BAP might also be related to the plant material genotype Schinor et al., 2006) , culture medium composition, factors related to the plant material (type and age of the explant) and to incubation conditions (explant position on the medium and luminosity) Moreira-Dias et al., 2000; Costa et al., 2004; Silva et al., 2005a) . In this context, additional studies are necessary if the goal is to obtain success in plant regeneration.
For grapefruit, sour orange, and Citrus macropylla cultivated on culture medium supplemented with 1.0 mg dm -3 BAP, 4.1, 2.2, and 9.9 buds per explant (internodal segments from 12 month old plants) were found respectively (Ghorbel SOUR ORANGE BUD REGENERATION AND IN VITRO PLANT DEVELOPMENT... Culture medium with half the salt concentration and no auxin assured the rooting of the shoots independent of the explant type. These shoots generated roots varying from 5.3 to 15 cm in length. This condition was essential for the successful plant adaptation to greenhouse conditions. Rooting induction in citrus has been obtained by the use of culture medium with no growth regulators or auxin supplementation, and in medium with half the salt concentration (Bespalhok Filho et al., 2001; Moura et al., 2001; Almeida et al., 2002; Silva et al., 2005a Silva et al., , 2005b .
The absence of auxin also led to 58% of rooted shoots obtained from epicotyl segments in 'Pera' sweet orange (Silva et al., 2005a) , and 85% in 'Cleopatra' mandarin (Silva et al., 2005b) . For 'Troyer' citrange, 100% of rooted shoots were found when working with the same explant type on medium with 2.0 mg dm -3 NAA (Edriss & Burger, 1984) . Shoots obtained from internodal segments of in vitro germinated Rangpur lime plants cultivated on 1.0 mg dm -3 NAA showed 80% of rooting. This same NAA concentration favored root emission on 75 and 80% of 'Pera' and 'Valencia' sweet oranges shoots respectively, shoots originating from the epicotyl region (Moura et al., 2001) . IBA utilization at 1.0 mg dm -3 induced an epicotyl segment rooting response of 75, 54, and 56% on 'Natal', 'Valencia' and 'Pera' sweet oranges respectively, and an average of 94.6% for Rangpur lime .
The results reported herein showed that the addition of BAP to the culture medium led to the best organogenic response. In vitro germinated epicotyl and internodal segments are two recommended explant types for in vitro organogenesis. No auxin is needed to root regenerated shoots. These adjustments in the protocol may facilitate in vitro sour orange plant regeneration.
for 30 days.
In our second experiment, epicotyl segments (Epi E) were explants favorable to organogenic induction on medium containing 1.0 mg dm -3 BAP, in which 76.3% of the segments regenerated 2.0 buds per explant, differing from the results obtained by Schinor et al. (2006) who found that only 39% of regenerated segments with 1.4 buds per explant in sour orange.
The explant Epi S was studied in order to observe possible response differences between the Epi S region and the vertical axis of plantlets germinated in vitro. Since no differences were observed between Epi S and IS in vitro, in vitro germinated plants may have their full length used as explants. Therefore, this experiment revealed that the best sour orange explants for in vitro organogenesis are internodal segments of in vitro germinated plantlets and epicotyl segments from germination in the dark, followed by light incubation conditions. The shoots obtained from Epi E, Epi S and IS in vitro developed in a satisfactory manner and were induced for rooting in a different experiment. The insuffi cient response obtained for IS gh did not allow rooting evaluation from this explant.
Despite of the fact that micrografting techniques have been successful, with survival rates of 51, 60 and 94% for grapefruit, sour orange and Citrus macrophylla Wester, respectively (Ghorbel et al., 1998) , and 100% for 'Pera' sweet orange (Silva et al., 2005a) , in vitro rooting has been evaluated in plant regeneration protocols.
The rooting rates found in our work are adequate when compared to previous studies: 80% for Pineapple orange (Citrus sinensis) (Duran-Vila et al., 1992) , 84% for Citrus macrophylla (Ghorbel et al., 1998) , 70 % for Mexican lime (Pérez-Molphe-Balch & Ochoa-Alejo, 1997) and 86% for Troyer citrange (Moreira-Dias et al., 2000) . Buds and/or shoots per responsive explant TABLE 2 -Sour orange responsive explants and buds and/or shoots per responsive explant cultivated in MT medium supplemented with 1.0 mg dm -3 of BAP 60 days after cultivation (30 days in the dark, followed by16-h photoperiod). 
CONCLUSIONS
1-The addition of BAP shows the best organogenic response.
2-In vitro germinated epicotyl segments and internodal segments are recommended as explants for sour orange in vitro organogenesis.
3-Rooting of regenerated shoots is achieved without the need for auxin in the medium.
